Hydrodynamics and suspended-sediment transport within an urbanized Pacific Northwest estuarine embayment by Nowacki, Daniel J
Western Washington University 
Western CEDAR 
Salish Sea Ecosystem Conference 2020 Salish Sea Ecosystem Conference 
Apr 21st, 9:00 AM - Apr 22nd, 4:45 PM 
Hydrodynamics and suspended-sediment transport within an 
urbanized Pacific Northwest estuarine embayment 
Daniel J. Nowacki 
U.S. Geological Survey, dnowacki@usgs.gov 
Follow this and additional works at: https://cedar.wwu.edu/ssec 
 Part of the Fresh Water Studies Commons, Marine Biology Commons, Natural Resources and 
Conservation Commons, and the Terrestrial and Aquatic Ecology Commons 
Nowacki, Daniel J., "Hydrodynamics and suspended-sediment transport within an urbanized Pacific 
Northwest estuarine embayment" (2020). Salish Sea Ecosystem Conference. 41. 
https://cedar.wwu.edu/ssec/2020ssec/allsessions/41 
This Event is brought to you for free and open access by the Conferences and Events at Western CEDAR. It has 
been accepted for inclusion in Salish Sea Ecosystem Conference by an authorized administrator of Western 
CEDAR. For more information, please contact westerncedar@wwu.edu. 
Hydrodynamics and sediment transport within an 
urbanized Pacific Northwest estuarine embayment






























Coastal sediment dynamics are crucial to understanding the transport and 
dispersal of contaminants in urbanized environments, predicting coastal 
resilience in the face of rising sea levels, and synthesizing integrated 
ecosystem responses. Here we present observations collected by three 
bottom-mounted moorings in Bellingham Bay, Washington, USA. Moorings 
tracked the dispersal and transport of sediment both from modern input via 
the Nooksack River basin and from legacy seabed sediment sources along 
the urbanized Bellingham waterfront. These measurements characterize the 
forcing mechanisms relevant to fluxes of water and sediment in the context of 
watershed fluvial processes (e.g., flooding of the Nooksack) and Salish Sea 
oceanographic conditions (e.g., tidal currents and locally generated waves).
U.S. Geological Survey, Santa Cruz, CA, and Bellingham, WA





Bay. Wind was 
measured at KBLI.
Two moorings were 
deployed on the 
Nooksack delta 
topset (BEL3&4) 
and one on the 
southeastern flank 
of the bay (BEL1).
2400× variability in sediment discharge
Nooksack River
25× variability in water discharge
160× variability in SSC
Cumulative  
sediment flux
Time when BEL4 stopped recording 




Most sediment flux in second half 






ended early (see 
section 3a); full 
trajectory length 
likely similar to 
that of BEL3 
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Winds correlated with significant 
wave heights at all sites; greatest 
waves at BEL3&4 from S/SE 
winds
Waves resuspend sediment 
at BEL3&4; little turbidity at 
BEL1. (Note difference in 
y-axis at BEL1 vs. BEL3&4.)
3b. Forcing mechanisms
Local-wind-generated waves resuspend 
sediment in Bellingham Bay
Nooksack River delivers freshwater & 
sediment to Bellingham Bay
1. Abstract
2. Study area: Bellingham Bay, WA
Significant wave height
4. Near-bed sediment dynamics
Waves more relevant to near-bed 
dynamics on the delta topset than 
Nooksack discharge during February event
Despite elevated river discharge from the largest flood 
of the deployment, local wave resuspension had a far 
greater effect on salinity and near-bed turbidity at BEL3





























































































































































































BEL3 salinity & waves





fluxes on the delta 
topset represent 
the volume input 
from the Nooksack 
River and were 
oriented away from 
the mouth and 
along isobaths.
Net sediment fluxes 
were similarly 
southward. The flux 
magnitude at BEL3 
and BEL4 was 
much larger than at 
BEL1, indicative of 
the more energetic 
environments there 
and more available 
fine sediment from 
river delivery and 
wave resuspension.
5. Wind influence on velocity
BEL4
BEL3
Winds blowing toward the north/northwest drove different 
responses in the flow velocity at BEL3&4. Wind-induced 
fl w was westward at BEL4 and eastward at BEL3, 
suggesting strong wind influence over flow dynamics 
and wave generation in this mesotidal system with weak 
tidal currents. 
Wind
Flood event in 
sections 4 & 5
